Professional football clubs are unusual businesses, their performance judged on and off the field of play. This study is concerned with measuring the efficiency of clubs in the English Premier League. Information from clubs' financial statements is used as a measure of corporate performance. To measure changes in efficiency and productivity the Malmquist non-parametric technique has been used. This is derived from the Data Envelopment Analysis (DEA) linear programming approach, with Canonical Correlation Analysis (CCA) being used to ensure the cohesion of the input-output variables. The study concludes that while clubs operate close to efficient levels for the assessed models, there is limited technological advance in their performance in terms of the displacement of the technological frontier.
INTRODUCTION
British football clubs are unusual businesses. Although constituted as limited liability companies and hence ostensibly operating within the same legal and governance framework as companies in other areas of economic activity, they exist in a peculiar emotional and social space, where unusually strong relationships often exist between the company and stakeholders like its supporters and the community; those relationships typically being based on issues like identity and belonging. Unsurprisingly these relationships can impinge on business behaviour and decision-making: for example the objectives of football clubs, in particular the desire for on the field success, are likely to have implications for business decision making (Morrow, 2003) . While the debate about the objectives of football clubs in not new (see, for example, Sloane, 1971; Sutherland and Haworth, 1986; Arnold and Benveniste, 1987) , the substantial increase in income within football since the 1990s has given it greater prominence among stakeholders. More fundamentally the presence of non-financial objectives also raises the question of how to measure the performance of football clubs.
MEASURING PERFORMANCE
Ratio analysis has been commonly used to assess the financial performance of companies, this analysis being based on company financial statements. Univariate financial analysis involves the examination and discussion of one ratio at a time, with a view to drawing tentative conclusions by comparing the result of that ratio with some yardstick of comparison. However, the use of univariate financial analysis has limitations. For example, it assumes a linear relationship between variables, that the numerator and denominator in the ratio can not take negative values and that there are constant returns (Smith, 1990: 132) . More generally its reliance on the financial statements as a source of data means that inevitably the analysis is partial, excluding information that can not be captured in financial terms like managerial competence, staff morale and corporate reputation.
Recognition of the limitations of univariate financial analysis has focused attention on alternative and more inclusive techniques that may be used to assess corporate performance (Abad and Laffarga, 2002) . In the 1970s the use of multivariate financial analysis became more prevalent, with techniques like multi discriminant analysis and logit being widely used, particularly in the area of predicting corporate failure (Altman, 1968; Altman et al., 1977; Ohlson, 1980; Taffler, 1983) . More recently techniques have emerged in operational research that are concerned with measuring efficiency. One such technique is Data Envelopment Analysis (DEA) (Charnes et al., 1978) , a linear programming method used to evaluate the relative efficiency of a number of producers or decision-making units (DMUs), comparing the levels of inputs and outputs of one DMU with its competitors. DEA has been used to measure efficiency in many areas of economic activity: for example, banking (Doménech, 1992; Sherman and Gold, 1985; Yeh, 1996) ; the pharmaceutical industry (Smith, 1990) ; supermarkets (Athanassopoulos and Ballantine, 1995) ; the computer sector (Thore et al., 1996) ; gold production (Worthington, 1998) ; companies quoted on the Madrid Stock Exchange (García and Larran, 1996) and companies with financial difficulties (Fernández-Castro and Smith, 1997) . DEA has also been applied in the economics of sport: for example, to measure the relative performance of baseball players (Andersen and Sharp, 1997; Mazur, 1994) ; to estimate the managerial efficiency of college basketball coaches (Fizel and D'Itri, 1996) and more recently to measure franchise payroll efficiency in the NFL and MLB (Einolf, 2004) and the productive efficiency of football clubs in England (Haas, 2003) , Germany (Haas et al., 2004) and Spain (Sánchez, 2006) .
The attractiveness of DEA is that the derivation of the performance efficiency index is dependent on a mixture of physical data and other types of information. Smith's (1990) development of DEA to include information from the financial statements is of particular interest in this research as it "seeks to determine whether financial statements information can yield any useful insights into efficiency… " (1990: 132) . But, while accounting numbers can be variables in DEA, its attractiveness is that other non-financial inputs and outputs may also be included. Following Smith's approach, this paper extracts information from the financial statements to measure corporate performance. To ensure the cohesion of the input-output variables within the DEA models, the statistical test of Canonical Correlation Analysis (CCA) is used to derive the efficiency scores (Sengupta, 1990; Friedman and Sinuany-Stern, 1998; Tofallis, 1999; Adler and Berechman, 2001) . Once a definitive DEA model has been obtained, an additional study is undertaken into variations of efficiency scores using the dynamic efficiency measure, Malmquist productivity index (Malmquist, 1953) . Thus additional study develops previous work of Haas and Hass et al. on the productive efficiency of football clubs in England (Haas, 2003) and in German (Haas et al., 2004) . Section 2 of the paper describes the introduction to the methodologies used for measuring efficiency (DEA and CCA) and productivity (Malmquist Total Factor Productivity (TFP) Index approach). In Section 3 the research design, including the model and the empirical results, is presented, while the conclusions are set out in the final section.
METHODOLOGY

Data Envelopment Analysis (DEA)
The efficiency concept involves relating the means (inputs) with the ends (outputs): a production method is considered technically efficient when any other method uses a larger quantity of an input factor to achieve the same output (Fischer et al., 1988: 139) . To analyze the efficiency of economic units quantitatively, two approaches are possible: i) the stochastic frontier approach, and ii) DEA. In this paper, the efficiency of certain economic units -professional football clubs -is measured using DEA. This approach was used by Charnes et al. (1978) and is a reformulation of Farrell's (1957) efficiency measure to the multiple-output, multiple-input case. DEA allows the use of multiple outputs and inputs, and when solved as a linear programming problem it does not assume any functional form of the reference technology.
From a mathematical perspective, DEA is a technique that allows the extraction of information about a sample of observations in a situation where the production function is not known in advance. The mathematical formulation of DEA calculates a discrete piece-wise frontier determined by a set of referent economic units, called decision making units (DMUs).
Following Charnes et al. (1978) , to convert m inputs into n outputs for p DMUs, mathematically the DEA model is formulated as follows: 
u r , v i > 0, r = 1,…..n; i = 1,….,m
where: Y rz is amount of the rth output produced by the zth DMU X iz is amount of the ith input used by the zth DMU u r is the weight given to rth output v i is the weight given to ith input z is the number of DMU assessed h z is DEA score to the zth DMU The efficiency ratio (h z ) is maximised (1), subject to the above conditions [(2)- (3)], where the first inequality ensures that the efficient ratio can not exceed 1, and the second one indicates that the weights are positive. This fractional linear program can be transformed into the following equivalent linear programming problem by a double orientation: input-oriented models refer to the reductions it would be necessary to make in the inputs of the assessed DMU so that it can be become qualified as efficient. Likewise, output-oriented models can identify the necessary increase in output to achieve the same effect. In addition, it is possible to build non-oriented models, which are able to identify a mix of input reductions and output increases.
Taking an input-oriented model, the previous fractional problem shown in [ (1) 
The above linear programming model includes (λ) as a non-negative intensity vector that determines the combination of observed inputs and outputs taking the weights of the DMUs which form the peer group of the virtual DMU. The model could include (S i ) and (S o ) as slack variables for inputs and outputs respectively. The slack variables mentioned result in the foregoing inequalities becoming equalities within the constraints (5) and (6). From a production point of view, positive values for the slack variables indicate that improvements are necessary in some inputs and outputs, besides the radial reduction expressed by (h z ). When a chosen DMU has a value of (h z ) less than 1, it is not considered as efficient because it could be possible to attain the same output quantity by reducing the consumptions of inputs in the proportion (1-h z ).
The detailed linear program provides the input-oriented constant returns and output-oriented constant returns. Subsequently Banker et al. (1984) modified the previous model, adding the limitation
) to restrict the production possibilities and to study the variable returns (increasing, decreasing or constant). The overall efficiency can be divided between pure technical efficiency and scale efficiency. Therefore, adding the previously mentioned constraint, the returns to scale can be assessed and a measure of pure technical efficiency provided. The scale efficiency is obtained by dividing the overall efficiency by pure efficiency
1 .
An important problem exists when selecting the variables for the model. Some authors (for example, Ayela and Gómez, 1993: 147) suggest a general rule to prove different cases until reaching the maximum decomposition of factors: maintaining those that exercise a significant effect on the index of efficiency, while also using the weights to determine the relative importance of each model's variables. In the case of low weights, the variables should be removed. In any case, the number of observations should be higher than the sum of the inputs and outputs (Parkan, 1987; El-Mahgary and Ladhelma, 1995) . In fact, one of the objectives of this work is to influence the design of the DEA model using canonical correlation theory, to assure a strong correlation between the selected groups of outputs and inputs. This way the DEA model will have a sufficiently large number of DMUs with regard to the sum of inputs and outputs (Barros and Santos, 2003: 55) .
Canonical Correlation Analysis (CCA)
Regression analysis attempts to explain changes in a single output by weighting the various inputs common to all observations. But where there are multiple outputs and inputs what is required is a technique that simultaneously combines the weights of outputs and inputs to obtain the maximum correlation between both groups of variables. This is the basis of the technique adopted in this paper. The CCA objectives can be summarized as: i) To demonstrate if two groups of variables are independent, or, conversely to determine the magnitude of the relationship that exists between the two groups; ii)To explain the nature of the relationships among the groups of dependent and independent variables, measuring the relative importance of each variable to the canonical functions.
The method, developed by Hotelling (1936) , uses two sets of variables -inputs and outputs -with both variables being taken from the group of analyzed units. CCA seeks to identify and quantify the associations between two sets of variables, the principal aim being to find the maximal correlation between a chosen linear combination of the first set of variables and a chosen linear combination of the second set of variables. The validity of the relationship between the canonical variables is reflected in the coefficient of canonical correlation (η vu ). When this coefficient is elevated to the square, it is called eingevalue, and it measures the quantity of shared variance, i.e. the variance of the first variable explained by the second variable for each canonical function 2 .
Various tests of significance help to interpret the canonical functions. An overall test can be used to establish whether there is a significant relationship between the two sets of variables. In this research Wilks's criterion was utilized using the Bartlett test to demonstrate significance (Hermoso Gutiérrez, 2000: 474) . This statistic is distributed as chi-square with (m*n) degrees of freedom, and the criteria to accept the canonical function is a significance level of 0.05 (Hair et al., 1998: 450) . However, some authors suggest that a single test is insufficient (Hermoso Gutiérrez, 2000: 477; Hair et al., 1998: 454) . Redundancy analysis can be used in CCA to measure the proportion of explained variance for the set of input-output variables. To date there is no agreement as to the minimum measure of redundancy in terms of accepting the interpretation of the canonical functions, although 0.7 has been selected in this research for its evaluation.
Accepting the significance of the different canonical functions, a problem in examining the canonical variables is establishing the relative importance of each of the original variables in the canonical relationship. Three methods are proposed in this study: i) canonical weights; ii) canonical loadings; and iii) canonical cross-loadings. The first method suggests that the original variables should be interpreted according to the canonical weights, although this can introduce errors because of possible multicolinearity. A more reliable method based on canonical loading measures the contribution of each original variable with its own canonical variable. But the method that ensures the most reliable interpretation is canonical cross-loading, in which each original variable is related with the opposite canonical variable. At present, although no one method seems to be universally favored, canonical cross-loading is recommended (Hair et al., 1998: 454) . This said it is clear that the correlations between the canonical variables and original variables should be interpreted with caution.
Malmquist Total Factor Productivity Index (TFP)
Total factor productivity is defined using distance functions 3 to describe a multi-input, multi-output production technology. The non-parametric TFP developed from Caves et al. (1982) has been the most commonly used measure of productivity change (see Färe et al., 1997) 4 .
TPF measures the change between two data points by calculating the ratio of the distances of each data point relative to a common technology. Assuming constant returns to scale (CRS) for an assessed DMU and following Fare et al. (1994) , it is possible to specify an input-based TPF as
The previous mathematical formulation in (8) calculates a geometric mean and represents the productivity of the production point (x t+1 , y t+1 ) relative to the production point (x t , y t ). A value of (M t+1 i ) greater than 1 will indicate positive productivity growth from period t to period t+1, while a value smaller than 1 indicates negative productivity growth. Furthermore TPF can be further broken down into the following two components 
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In equation (9) the first term is referred to as catching-up and compares the relative change in technical efficiency between the two periods with respect to the efficiency frontier of the analyzed unit; the second term is referred to as technological change or variation of the production frontier between periods (t, t+1), and thus reflects the technical change of the sector. Both indexes can take a value greater than or less than 1. For catching-up a value greater than 1 indicates proximity to the production frontier; a value less than 1 indicates divergence from the production frontier. For technological change a value greater than 1 indicates technological progress; a value less than 1 indicates technological deterioration (Thanassoulis, 2001) . When a temporary series is analyzed, the results can be sensitive to the selection of the initial year, and an index should be obtained for a couple of adjacent periods by geometric mean (Jorgenson, 1990) .
EMPIRICAL MODELS
Variables and data
In the current paper, efficiency is measured using the DEA technique to construct a piece-wise linear production frontier. Thereafter a second study is conducted using the Malmquist productivity index to measure the change in productivity over a six year period (the seasons 1997-98 to 2002-03 inclusive).
The application of DEA in the economics of sport has seen a variety of inputs and outputs used, reflecting the different sports studied. Some authors have considered the output accumulated by the various teams during a season (Dawson et al., 2000) , while others have used an accumulated output taking each match as a unit of measurement (Carmichael et al., 2000) . In this study canonical correlation theory is used to determine the common set of weights to be used in DEA, with efficiency being based on sporting and financial results for a particular season. Data is taken from the Deloitte and Touche Annual Reviews of Football Finance and from the annual reports and accounts of the clubs in the FA Premier League which make up the sample, with supplementary data taken from the Soccerway website (www.soccerway.com).
Given the dual performance perspective of football clubs, namely financial and sporting success, two output variables have been selected: points won in a season and total revenue for the corresponding financial year. The first output variable -points won in the FA Premier League -measures the club's sporting performance over the entire time period of a season, as well as measuring that performance on a regular basis given that each club play 38 league matches per season. Furthermore, points gained in the relevant national league have been used as a proxy for sporting success in other recent papers on professional football (Haas et al. 2004; Espita-Escuer and García-Cebrián, 2004; Sánchez, 2006) . The second output variable is derived from the company's financial statements and is an indicator of a club's financial success (Smith, 1990 ). While differences exist in the corporate structure of clubs in the samplefor example, some clubs are independent limited liability companies, while others are part of a group of companies -by using the turnover figures reported in the Deloitte and Touche reviews of football finance, the consistency of the data in the sample is assured as the figures therein have been adjusted as necessary to exclude turnover related to non-football activities. Other than adjustments of this type total turnover has been used as the measure of economic success irrespective of whether it is derived from gate revenues, media broadcasting, merchandising or other incomes, reflecting the fact that the expenses incurred by clubs must be met from total revenues generated rather than from any particular source. Some additional output variables may be included, but it is argued that the outputs selected are sufficient to obtain a measure of the clubs' efficiency (Haas, 2003: 405) . Furthermore, the inclusion of additional variables can lead to erroneous interpretations in the subsequent analysis of DEA because the number of observations should be greater than three times the sum of total inputs and outputs (El-Mahgary and Ladhelma, 1995; Parkan, 1987) .
The inputs selected are various expenses of football clubs derived from the financial statements. In common with previous papers (see, for example, Haas, 2003; Haas et al., 2004) , the first input selected is staff costs, including not only the salaries of players, managers and coaching staff, but also all other staff employed in the football business. It is evident that player salaries constitute the major proportion of clubs' total wages and salaries, and hence this input is consistent with Szymanski and Kuypers's evidence demonstrating a relationship between investment in playing staff and on-field football success (Szymanski and Kuypers, 1999) . That said, arguably it is appropriate to take the costs of all staff employed by the club given that this research focuses on the productive efficiency of the football business in its entirety. Consistent with the approach adopted for turnover where a club is involved in non-football activities then staff costs related to these activities have been excluded. While the possibility of clubs using performance-related-pay raises the problem of simultaneity, the available evidence suggests that this is not a major problem in practice. For example, in the PKF 2004 survey of football club directors, 83% of FA Premier League respondents claimed that performance-related-pay accounted for less than 10% of the first team players' total salary bill (PKF, 2004) . The second input, directors' remuneration, is selected on the grounds that it is a proxy for the professional human capital required to guide the performance of the football club in terms of determining long term objectives and strategies. While clearly the players, manager and coaching staff are fundamental to on-field success, arguably off-field success is likely to be influenced at least in part by the quality of its directors. The figure for directors' remuneration is taken from the financial statements of the club where the club is a single company (e.g. Blackburn Rovers Football and Athletic plc) or from the accounts of the holding company where the football club is part of a group of companies (e.g. West Ham United plc). This approach ensures consistency between directors' remuneration and the turnover and wages and salaries figures used in the paper, but nevertheless has two limitations in respect of groups of companies: first, it is not possible to establish whether all directors' remuneration is in respect of football-related activities, and second, the remuneration may be understated where someone is a director of a football club subsidiary but is not a director of the parent or holding company. Finally, the third input selected was the general or other operating expenses of each club. While not directly related to on-field activity, nevertheless such costs are necessarily incurred by the club in carrying out its operations. Include in this category are items like lease and rental charges, fixed asset depreciation, repairs and renewals, training ground costs and professional fees. Player related costs such as amortisation or gains or losses on disposal of players are not included. These two inputs, directors' remuneration and general expenses, represent resources invested by clubs in pursuit of its financial and sporting objectives and thus their inclusion extend previous studies in this industry.
Inevitably some clubs participate simultaneously in domestic and UEFA club competitions, aiming for success in both arenas. As Haas et al. (2004) notes, it is necessary to identify a variable that captures output irrespective of whether a club is participating in UEFA club competitions or not. Turnover comprising income from all sources is the most appropriate variable, reflecting outputs from all the club's activities (Haas et al., 2004) . On the inputs side, total wages and salaries has been used. The importance of the inputs and outputs selected in this study is demonstrated in recent work on Spanish football clubs which found that these factors were among the most commonly discussed by club presidents in their clubs' annual reports (Barajas Alonso, 2003: 7).
The empirical study was carried out using data for six seasons from 1997-98 to 2002-003 (see Appendix 1). An additional problem in using DEA is whether to allow for constant returns to scale or variable returns to scale (Charnes et al., 2001: 23-39) . In this paper it has been assumed that professional football teams have access to a common technology. Therefore each club's DEA score arises out of its productivity, based on the management of its resources. Thus considering the resources applied and the outputs achieved throughout an entire season dilutes the impact of inputs selected at any single point in time, and consequently, constant returns to scale are used (Boscá et al., 2003: 5; Sánchez, 2006: 149) .
Applying Canonical Correlation Analysis to Data Envelopment Analysis
As discussed previously, CCA seeks to identify and quantify the associations between two sets of variables and is thus an appropriate statistical technique to use when there are various criterion and multiple predictor variables. DEA models are normally based upon variables deemed necessary by the researchers. However, to ensure both the highest degree of correlation in the output and input sets of each model (Sengupta, 1990) , and to detect redundant variables thus avoiding an excessive number of inputs and/or outputs which would generate a large number of efficient units (Adler and Golany, 2001) , it is beneficial to check whether all variables make a contribution to a model's power. Hence, in this paper CCA is applied to the DEA model design, to ensure both of these objectives.
In order to apply CCA methodology, the first step is to select the variables required to measure the efficiency score in accordance with the expected results, deriving the preliminary DEA model (two outputs: point won and revenues; three inputs: staff cost, other expenses and directors' remuneration). Thereafter CCA is used to derive the degree of correlation between the outputs-inputs sets. Simultaneously, the redundancy index is studied to determine the variance of the criterion variables (outputs) that can be explained by the predictor variables (inputs). Although no guidance is available on an accepted level for this index, an acceptance level of greater than or equal to 0.7 has been adopted.
Assuming the coefficient derived is sufficiently high, the second step is to analyze the contribution of the original variables to different canonical variable couples. Table 3 sets out the results of applying canonical correlation to preliminary model. For each period a high degree of correlation is observed for the first couple of canonical variables, significant at the 1% level, but a low degree of correlation is observed for the second couple and moreover is not significant. Consequently, only the first canonical function is used in deriving the definitive DEA model.
Following the interpretation of the first canonical function, the redundancy index outputs/inputs is calculated. As can be seen from Table 3 this is higher than 0.7 in all seasons other than season 2002-03, although even here it remains close to the accepted level. In other words, in mean values, close to 80% of the outputs variance is explained by the inputs set, a level in excess of that required to validate the first canonical correlation (see Section 2.1). Taking the first canonical function, Table 4 shows the cross-loading to select the variables required for the definitive DEA model. No agreement exists regarding the value of the cross-loading coefficients required to accept or reject the variables in the model, but a figure greater than 0.7 is proposed to ensure that each variable provides a powerful explanation of the variance of the criterion variables 7 . Therefore, for the analyzed case, the variable directors' remuneration (DR) should be rejected (crossloading < 0.7 for three seasons) markedly below the proposed level of acceptance. All the remaining variables have a cross-loading higher than 0.7 for all periods, other than the variable "points won" which has a cross-loading of 0.694 in season 2002-03, a figure close to acceptance level.
Moreover, the suppressed variable (DR) does not contribute to explaining a greater percentage of the variance of the outputs group. In fact, the redundancy index in mean values (preliminary model: 79.1%) is largely unaffected by suppressing this variable (definitive model 2: 77.9%), resulting in the same coefficient of canonical correlation (0.976). Consequently, the definitive model has two outputs and two inputs (see Table 5 ). Figure 2) . Thus, for the 2002-3 season, the CRS-efficiency scores of preliminary model indicate that there are four efficient teams and that the mean efficiency score is 0.828, whereas for the definitive model the mean efficiency score is slightly lower at 0.783, while there are also a smaller number of efficient clubs (2 rather than 4). Nevertheless, significant differences are evident between the two models when particular clubs are considered; notably Charlton Athletic (-0.1137), Chelsea (-0.2181), Everton (-0.1777) and Middlesbrough (-0.2132). Moreover, when a non-parametric Wilcoxon Test was applied, significant differences were found at the 5% significance level for four seasons (1997-98, 1999-00, 2000-01 and 2002-03) , while for two seasons (1998-99 and 2001-02 ) the differences were significant at the 1% level. In summary, the mean level of efficiency for the definitive model suggested by CCA is lower than for the preliminary model, with seven clubs reporting a lower score and no club reporting a higher score. These results suggest that in this study the variable, directors' remuneration (DR), can distort the efficiency score if it is included in the DEA model. Given this, it is argued that the DEA model design should adhere to the rules set out previously for the selection of variables, being an appropriate use of CCA for homogenizing models.
As a result the figures that should be adopted for this study correspond to the definitive model 8 . nd and 3 rd respectively) are not efficient, indicating that while these clubs were successful on the pitch they consumed too much resources for the level of performance achieved in the season.
Performance of FA Premier League Clubs: Malmquist TFP Index
To establish the productivity levels attained by FA Premier League clubs, an additional study using TFP was carried out to improve understanding of empirical implications of productivity measures in professional football. The investigation is based primarily on the non-parametric technique, DEA, to derive efficiency scores for clubs during seasons 1997-98 to 2002-03. The sample was reduced to the 11 clubs that participated in the FA Premier League in all six seasons (see Appendix 1). 
CONCLUSIONS
Football at club level has changed markedly in the last decade or so. Indisputably major football clubs are now complex businesses, intrinsically concerned with financial matters. One of the most important contributory factors in the new business era of football has been television, in particular satellite television, both in terms of much improved deals and also radical alterations to the distribution of that income among clubs. The increasing business orientation of clubs is also evident in other areas: for example, the status of players, where alterations to the transfer system have given players greater freedom of movement and contractual bargaining power, and changes in the ownership structure and governance of clubs. But football clubs remain unusual businesses, judged by what happens on the field as well as by more conventional measure of business performance.
The aim of this study was to analyze the efficiency of clubs in the FA Premier League using nonparametric models to obtain production frontiers. The methodology applied was based jointly on DEA and canonical correlation theory which has a dual objective: first, to ensure the highest degree of correlation in the output and input sets, and second, to detect redundant variables which would generate a large number of efficient units.
Relatively high mean efficiency scores were reported for the sample of all clubs for all six seasons taken together for the revised DEA model (definitive model, efficiency mean value: 0.846), the latter derived after the application of canonical correlation theory. same season, the mean values of all clubs taken together indicated that they were operating at an efficiency level close to 80%. Looking ahead therefore, arguably the best way for inefficient teams to become more efficient is to focus their attention on radially reducing their inputs by approximately 20%.
The study also analyzed variations in performance between seasons 1997-98 and 2002-03 using the TFP. Restricting the study to the eleven clubs that participated in the FA Premier League in all of these seasons, the results indicate that for mean values most clubs report an index value of less than 1, indicating that they do not experience any gain in the level of productivity. When the MPI is deconstructed, two key points emerge: first, technological change offers a positive displacement of the efficiency frontiers along the evaluated periods, and second, catching-up presents a negative trend, resulting in a value of less than 1 in the final season, suggesting that clubs provide poorer performance in terms of movements in the efficient frontiers over the six seasons.
Overall this research shows that DEA can be a suitable tool for measuring the efficiency of professional football clubs. If the technique is applied together with CCA, it is possible to obtain DEA models with acceptable levels of correlation for a given set of data. This study suggests opportunities for future research, notably extending it to other countries and generating further DEA models that simultaneously consider different economic and technical variables that may influence the performance of professional football clubs.
